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4.1 INTRODUCTION 
 
All mechanical structures are subjected to deformation and cracks, 
due to fatigue, stress or environmental factors. Therefore it is importance to 
monitor the mechanical condition of critical structures in order to prevent 
catastrophic failures and also to minimize maintenance costs, i.e., avoid 
unnecessary inspections. A radio frequency identification (RFID) sensor for 
corrosion monitoring in concrete is presented.  
Corrosion of concrete reinforcement is one of the main factors leading 
to premature degrading of concrete structures. According to the U.S. Federal 
Highway Administration (FHWA), the cost of corrosion in the United States is 
estimated to be around $276 billion per year [1]. Besides that, reinforced 
concrete is one of the most widely used construction materials in the world 
due to its versatility and economy. Although reinforced concrete typically 
performs its intended use well over its service life, corrosion of steel 
reinforcement is a major and costly problem [2]. 
   An analysis of the inductive coupling between the reader’s and the 
sensor’s antennas is carried out to guide the optimization of the RFID 
communication link. Linear polarization resistance measurements obtained 
from the developed sensor show the initiation and progression of corrosion. 
This paper present the RFID corrosion sensor that can read the open-
circuit voltage, perform linear polarization measurements, measure 
temperature and its own supply voltage.  
 
4.2 THEORY 
 
The sensor can perform linear polarization, open circuit potential, and 
temperature measurements. The sensor obtains its power from an external 
 
RFID reader, which also functions as a datalogger. The sensor’s electronic 
circuit comprises an RFID modem, a low-power microcontroller, and a three-
electrode low-power potentionstat [1].  
Generally, the RFID system consists of a reader and RFID tags. Note 
that the RFID tag performances are affected by many factors, including tag 
locations on or near objects. Thus, the RFID system can be employed as a 
wireless non-destructive test (NDT) sensor using a passive tag [3]. It is used to 
determine a quality of light weight concrete (LWC) through the relation 
between the relative permittivity and the maximum read range of the RFID 
system. Figure 4.1 show the RFID sensor system. 
 
 
 
Figure 4.1: RFID sensor system 
 
The sensor is totally passive and it does not require batteries. Its 
power supply is derived from an electromagnetic field transmitted by an 
external RFID reader. This field is also used for data communication. The sensor 
contains a potentiostat that is used to perform linear polarization 
measurements on a corrosion cell. The sensor can also measure temperature 
and its own supply voltage. Differ from existing embeddable corrosion sensors, 
the developed sensor can acquire full polarization curves with a resolution of 
10 bits. The sensor can communicate with ISO-15693 compliant RFID readers. 
 
4.3 LITERATURE REVIEW 
 
Given that most reinforced concrete transportation structures are 
designed to have a service life of 50 to 100 years, passive sensors that do not 
rely on batteries for their power are preferred [2]. Instead, passive sensors that 
harvest their energy from their environment, or from an external reader 
through inductive coupling which is the most suiTable solution.  
18 Sensor & Instrumentation System Series 2 
  
19 
Moreover, instead of harvesting their energy from the environment or 
collect it from the powered read-out unit during the wireless communication, 
they have a simpler electronics and enable hence lower costs at the expense of 
some sensor performance [4]. Despite this reduction in obtainable 
performance, they appear as most appealing technology at low cost. 
 
4.3.1 Corrosion of Reinforcement in Concrete 
Corrosion of reinforcing steel in concrete occurs via coupled anodic 
and cathodic electrochemical reactions at the steel concrete interface [1]. 
Coupled anodic and cathodic reactions take place on the surface of reinforcing 
steel with the help of concrete pore water acting as an electrolyte. In the 
anodic reaction, steel is oxidized releasing electrons, which flow into the steel 
and iron ions that go into solution [2]. This anodic reaction is expressed as 
follows [1][2]: 
Fe → Fe+2 + 2e−                (1) 
In a highly alkaline solution with available oxygen, such as the concrete 
pore solution, water can be reduced to produce hydroxyl ions, which can 
further react with iron ions to produce ferrous hydroxide as shown below [1][2]: 
Fe+2 + 2OH− → Fe (OH)2              (2) 
 
4.3.2 Half Cell Potential 
 Also known as Open-Circuit Potential (OCP), Rest Potential, or 
Corrosion Potential is the potential difference between the working electrode 
(reinforcing steel) and a standard reference electrode. Half-cell potential 
reading can be affected by many factors, such as oxygen diffusion rates, 
existence of high resistance layers in concrete, age of concrete, position of 
reference electrode, and others [2]. The sensor presented here uses saturated 
calomel electrode as a reference electrode and the same type of material as 
the reinforcing steel of the structure for working electrode (Figure 4.2). 
 
 
 
 
 
 
 
Figure 4.2: Anodic and cathodic currents of a corroding metal as predicted by 
the Butler-Volmer equation. 
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According to this standard, if the OCP measured using a saturated 
copper/copper sulfate (CSE) reference electrode, is below −0.350 V, the 
probability of corrosion is more than 90% [1]. 
 
4.3.3 Linear Polarization  
 Linear polarization is an electrochemical technique that measures the 
instantenous corrosion current density, icorr of the working electrode. Current 
density is the measured current divided by the area of the exposed steel 
surface. In a linear polarization measurement, the corrosion cell potential Ecell 
is moved away from EOC disrupting the balance between the anodic and 
cathodic reactions. Figure 4.3 shows the operation conceptual diagram of the 
proposed RFID sensor. 
 
 
Figure 4.3: Conceptual diagram of the operation of the proposed RFID-based. 
 
From Figure 4.2, we can see that in the condition of the OPC (within 10 
to 30 mV) the potential-current curve is fairly linear. The slope of the curve 
when Ecell = EOC is defined as the polarization resistance. 
 
4.3.4 Electronic Circuit 
Figure 4.4 shows the schematic circuit of the corrosion sensor. The 
sensor comprises a low-power mixed-signal MCU (Texas Instruments 
MSP430F2012), a dual-access EEPROM with integrated RFID modem (ST 
Microelectronics M24LR64), a 16-bit digital-to-analog converter (Texas 
Instruments DAC8411) and three micro-power opamps OA1 and OA2 (Texas 
Instruments OPA2369) and the low-offset zero-drift OA3 (Texas Instruments 
OPA330). 
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Figure 4.4: Schematic diagram of the corrosion sensor circuit. 
 
4.3.5 RFID Communications 
The component that enables RFID communications is the dual-
interface EEPROM [1]. This EEPROM has an integrated RFID modem that 
operates at a frequency of 13.56 MHz and supports the ISO 15693 and ISO 
18000 RFID communication standards. Therefore, a commercially-available 
RFID reader can be employed to read and write the content of the EEPROM. 
The EEPROM can also be accessed via an I2C port. Using the I2C port the MCU 
can read and write the EEPROM contents. Hence, the external RFID reader and 
the MCU can exchange data by reading and writing to specific locations of the 
dual-interface EEPROM. 
 
4.5 RESULTS AND DISCUSSIONS 
 
4.1 Power Consumption 
The current consumption of the different components of the corrosion 
sensor were measured. The sensor consumes on average 100.2 μA when it is in 
the idle state waiting for a command from the external reader. The highest 
average current consumption is 225.2 μA and occurs when the sensor is 
performing a linear polarization measurement. 
Table 4.1 shows the current consumption of individual components of 
the corrosion sensor as a percentage of the total current. 
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Table 4.1: Measured percentage current consumption of the different 
components of the corrosion sensor corrosion sensor 
Component  Consumption, % 
OPA330 18 
OPA2369 9 
DAC  22 
ADC + Vref 38 
MCU 7 
RFID EEPROM 6 
 
4.4.2 Wet Electrochemical Corrosion Cell 
A wet electrochemical corrosion cell was employed to verify the 
operation of the sensor’s potentiostat. In the wet electrochemical corrosion 
cell the electrodes are submerged in a liquid electrolyte, a 3% (weight per 
volume) NaCl solution. 
Figure 4.5 and 4.6 shows the linear polarization curve obtained with 
the benchtop potentiostat and the linear polarization curve obtained using the 
sensor and the developed GUI. The EOC measured by the benchtop 
potentiostat is −643 mV and -645mV respectively [1]. Figure 4.6 shows EOC 
measured by the sensor’s potentiostat is in good agreement with the EOC read 
by the benchtop potentiostat. 
 
4.4.3 Concrete Corrosion Cell 
Corrosion initiation in reinforced concrete structures typically occurs 
several years after deployment. In this work, an accelerated test was 
performed to assess the performance of the corrosion sensor in a concrete 
medium in a time span of days instead of several years. The test was performed 
using a concrete-based corrosion cell. The sensor’s electrodes were embedded 
in a 5.7×5.5×2.5 cm3 concrete sample. Pre-mixed concrete patch (Bondex from 
DAP) was used to prepare the concrete sample. The sample was allowed to 
cure for five days before collecting measurements. The sample was placed in a 
3% (weight per volume) NaCl solution.  
 
 
22 Sensor & Instrumentation System Series 2 
23 
 
Figure 4.5: Linear polarization curve obtained using a bench top potentiostat 
and a wet electrochemical corrosion cell. 
 
 
Figure 4.6: Linear polarization curve obtained using developed corrosion sensor 
and a wet electrochemical corrosion cell. 
 
The small size of the concrete sample allows rapid diffusion of chloride 
ions to the working electrode initiating corrosion within days. Linear 
polarization measurements were performed on the concrete-based corrosion 
cell using the developed sensor and a benchtop potentiostat for 24 consecutive 
days. 
The developed sensor can also measure temperature. To calibrate the 
temperature sensor and find the values of G and Toff , temperature was 
measured at three different temperature points using the RFID sensor and the 
HH804U high-accuracy thermometer from OMEGA. Measurements were 
collected at room temperature, in a cold chamber with a nominal temperature 
of 4◦C and in a hot chamber with nominal temperature of 38◦C as shown in 
Table 2. 
 
Table 4.2: Average and standard uncertainty of temperature measurements. 
 T, ◦C uT, ◦C T ± K . uT 
Room 
Temperature 
RFID sensor 
HH804U 
24.286 
24.332 
0.364 
0.124 
[23.557, 
25.014] 
[24.084, 
24.580] 
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Cold Chamber RFID sensor 
HH804U 
3.379 
3.664 
0.142 
0.063 
[3.096, 
3.662] 
[3.538, 
3.790] 
Hot Chamber RFID sensor 
HH804U 
38.636 
38.228 
0.436 
0.155 
[37.764, 
39.509] 
[37.918, 
38.538] 
 
4.6 CONCLUSION 
 
Based on the papers reviewed, a RFID-based sensor suiTable for 
corrosion monitoring in reinforced concrete structures has been presented. 
The sensor can read the open-circuit voltage, perform linear polarization 
measurements, measure temperature and its own supply voltage. The sensor 
obtains its power from an external RFID reader, which also functions as a 
datalogger. The sensor’s electronic circuit comprises a RFID modem, a low-
power microcontroller and a three-electrode low-power potentiostat. Besides 
that, RFID sensor can also measure its own power supply voltage and relay that 
information to the external reader which can then modify its power output 
accordingly. The measurement accuracy of the proposed RFID-based sensor 
was characterized. Hence, it was found that the RFID-based sensor has a 
measurement accuracy comparable to precision benchtop instruments. 
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